or promote apoptosis within specific regions within or around the ventral nerve cord to explore the role of cell-cell and tissue-tissue interactions. We use quantitative image analysis to extract the dynamic changes in the ventral nerve cord shape along its entire length. We find that the ventral nerve cord does not uniformly condense, but has specific regions of high contractility which alter with developmental time. Finally, we incorporate these results within a mathematical model to understand this complex and dynamic organogenesis process. doi:10.1016/j.mod.2017.04.168
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Construction of a spatiotemporal(4D) atlas with fine structure of interstitial spaces of a developing zebrafish embryo Sapthaswaran Veerapathiran National University of Singapore, Singapore
Development of a single cell zygote to an organism is controlled by "morphogens" which establish unique gradient patterns across the embryo. This gradient pattern regulates the symmetry and patterning of the developing embryo based on the local morphogen concentration, but how the gradient is established and maintained remains unclear. Measurements of a morphogen's diffusion coefficient, production rate, degradation rate and its interactions, at a local point, does not validate the gradient maintained across an entire embryo. The symmetry of the embryo and the interstitial paces through which the morphogens diffuse constantly changes with development. These interstitial spaces acts as barriers for the morphogen diffusion with potential binding sites. Thus, it is crucial to evaluate the morphogens diffusion across the entire embryo over the entire course of its development.
Here, we aim to construct a 4D spatiotemporal atlas of the zebrafish embryo with fine structure of the interstitial spaces. The entire embryo was observed at different time points by Light Sheet Fluorescence Microscopy (LSFM), however at a relatively lower resolution. This provided information on the distribution of the interstitial spaces across the entire developing embryo. The contrast could be enhanced by using clearing agents and contrasting agents on fixed embryos of different time points. Images from confocal microscopy and SEM over particular areas will provides finer details of the interstitial spaces. By combining and averaging information from LSFM Confocal microscopy and SEM over multiple zebrafishes, a computational 4D model could be constructed in which the morphogen diffusion can be simulated. Transcription factors (TFs) bind DNA dynamically to regulate gene expression and cell differentiation during development, yet it remains challenging to study TF-DNA binding in complex in vivo systems such as a mammalian embryo. Here, we integrate conventional fluorescence correlation spectroscopy (FCS) with the usage of photoactivable fluorescent protein and multiphoton-based photoactivation schemes to quantitatively probe the DNA-binding dynamics of TFs at the single-cell level in live mouse embryos. By finetuning the number of fluorescent TF molecules detected, paFCS enables autocorrelation data of a quality previously only attainable in simpler in vitro systems to be obtained inside the embryo, thereby allowing key parameters of TF-DNA interactions such as the bound fraction and residence time to be accurately determined. This technique could be widely applied to reveal critical changes in TF-DNA binding controlling cell differentiation over the course of embryonic development, shedding light on the multi-scale landscape of transcriptional regulation in complex mammalian systems. During gastrulation various morphogenetic movements including epiboly, ingression, and convergence and extension are coordinated in time and space to build the embryonic body axis. At the chemical level, morphogen gradients establish the pattern of chemical signals which control gene expression and cell movements. Although morphogens coordinate the signaling pathways that control adhesive, cytoskeletal and mechanosensing molecules at single cell level, a question is how are the mechanical movements coordinated across the entire embryo. Growing evidence have shown that mechanical forces generated during those collective movements can in turn regulate gene expression and cell fate. Hence, the morphogenesis is result of coordinated biomechanical and biochemical coupling. Recent studies have identified mechanical tension and stress at the single cell level, but due to technical limitations, a tissue view of the biomechanics remains absent. In this study, we combined the in-toto imaging by light-sheet microscopy and 3D tissue tectonics to quantify the global tissue mechanics of Zebrafish gastrulation represented as strain map. The strain map identifies the time course and spatial location of biomechanical stresses that mark convergence and extension, somatogenesis, and neurulation. Our study demonstrates role of tissue-level stress or tension during embryogenesis at the global level. 
